Introduction. The aim of the study was to assess the correlation between the levels of neuropeptide B (NPB), neuropeptide W (NPW), vaspin (VAS), and the total antioxidant status (TAS) in the blood, as well as nutritional status of patients with anorexia nervosa (AN). Materials and Methods. The study covered a cohort of 76 female teenagers, including 46 females with extreme AN and 30 healthy peers (CONTR) aged 12-17. Results. AN persons were characterized by higher (in comparison to CONTR) NPB and VAS concentrations and lower values of TAS levels, body weight, and anthropometric values. Positive correlations between NPB and VAS levels were noted in the AN group (R=0.33; p<0.001) as well as between concentrations of NPW and VAS in the same group (R=0.49; p<0.001). Furthermore, positive correlations existed between NPB and NPW concentrations across the whole studied population (AN+CONTR; R=0.75; p<0.000001), AN (R=0.73; p<0.000001) and CONTR (R=0.90; p<0.0005). Conclusions. In detailed diagnostics of AN it is worth considering testing NPB and VAS levels.
Introduction
Anorexia nervosa (AN) is a disease entity that is not fully understood in respect to its aetiology. Its prevalence is on the rise and treatment effectiveness is not satisfactory; approximately 10% of patients die (the highest mortality among mental diseases) [1] [2] [3] . Normalization of body weight in affected persons usually does not mean that all disease symptoms subside as patients still exhibit a number of symptoms that include both eating and depression disorders [3, 4] . The disease affects a few times more frequently females than males, in particular girls in adolescent years when significant changes take place with regard to fat tissue distribution [1, 2, 5] . AN is characterized by changes in eating habits that lead to obtaining and maintaining body weight, which is significantly lower than that expected for a given sex and age (at least 15% below the norm), which often leads to emaciation and even death [6, 7] . Recent guidelines of the American Psychiatric Association classify progression of the disease according to the BMI scale where mild AN is ≥17.00 BMI, moderate AN is .99 BMI, severe AN is 15-15.99 BMI, and finally extreme AN is <15.00 BMI [6] .
Avoiding food intake, provoking vomiting, and using laxatives or diuretic agents while increasing energy expenditure of the body, mainly through intense physical activity, are behaviours often exhibited by patients with anorexia in order to obtain/maintain a very thin appearance [4] . Many patients are put under care of specialists too late as, among other things, they hide symptoms of the disease for a long time from their social environment [3] . Quantitative and 2 BioMed Research International qualitative malnutrition long before diagnosis is made as well as the prolonging of such a condition despite specialist treatment which combine to form a negative prognostic factor regardless of the applied therapy [7, 8] . Malnutrition mainly leads to endocrinological and cardiological disorders, as well as to multiple abnormalities within the digestive, skeletal, and reproductive system. Changes mentioned above are accompanied by hematological and biochemical changes, among others [7, 9, 10] . In recent years a few new molecules and parameters have been described that could play a significant role in regulation of energy homeostasis. Thus it could be suggested that those newly discovered molecules could be of importance in both diagnostics and prognosis of anorexia nervosa progression; they include neuropeptide B [11, 12] , neuropeptide W [13] [14] [15] , and vaspin [16] [17] [18] but their specific role and involvement in the disorder are poorly understood (in the case of neuropeptide B and neuropeptide W suggestions have been based only on animal studies). Neuropeptide B and neuropeptide W are endogenous ligands of GPR7 (named also NPBW1) and GPR8 (named also NPBW2, lack of gene expression for GPR8 in rodents) receptors, which take part in energy homeostasis and hypothalamic-pituitaryadrenal axis regulation [11] . An adipokine named vaspin (visceral adipose tissue-derived serine protease inhibitor) is produced mainly in visceral adipose tissue, but also in the cells of hypothalamus and in some parts of digestive system (i.e., mucous membranes of the stomach, liver, and pancreas) [19, 20] . This may be linked with some symptoms of anorexia nervosa. Previous researches have shown increase of serum vaspin levels in anorexia nervosa compared with healthy controls [16] .
Attempting to understand which certain factors influence the maintaining of pathological behaviours and attitudes towards food among patients with anorexia nervosa could contribute to improving the effectiveness of therapy and minimizing the risk of a relapse. The aim of the study was to assess the correlation between the levels of neuropeptide B, neuropeptide W, vaspin, and the total antioxidant status in the blood, as well as nutritional status of patients with anorexia nervosa.
Materials and Methods

Characteristics of the Studied Population.
The study covered a cohort of 76 female teenagers, including 46 females with extreme AN (showing all of the symptoms of restrictive or bingeing-purging subtype of AN, including amenorrhea, with BMI<15 kg/m 2 ) and 30 healthy peers (CONTR) aged 12-17. Men were excluded from the study because of small number of adolescent males suffering from anorexia nervosa and hospitalized in the Department of Child and Adolescent Psychiatry because of extreme anorexia nervosa [2] .
The AN group consisted of inpatients admitted to the Department of Child and Adolescent Psychiatry. The age of onset was between 12 and 17; most of the patients were hospitalized because of eating disorders for the first time. The diagnosis of anorexia nervosa was made by two independent psychiatrists from the Department of Child and Adolescent Psychiatry according to WHO guidelines (ICD 10 [code F 50.1]) [21] . All examined patients had their anthropometric measurements taken after overnight fasting (body weight measurements and height using a certified scale with accuracy to 0.1 kg and a stadiometer (measurement accuracy: 0.1 cm) in light underwear and no shoes). The measurements were then used to calculate anthropometric indices: Body Mass Index, Body Mass Index z-score, and Body Mass Indexfor-age percentile taking into account norms for sex and height of Polish women [22] .
After securing blood samples for laboratory tests, the patients were first provided with proper hydration and nutrition during their stay at the hospital to reduce as much as possible the risk of fatal somatic complications. At the same time, the patients received psychological treatment and some of them also received pharmacological treatment, including antidepressants for patients exhibiting depressed mood and/or anxiolytic drugs, for patients who exhibited some symptoms of anxiety disorders, especially obsessions and/or compulsions [7, 23, 24] . Some of patients, who suffered from gastrointestinal problems, received also medications that support the digestive system.
The control group consisted of healthy females at similar age, height, and education level to participants of AN group. Exclusion criteria in the control group included abnormal body weight, health problems (mental and somatic), including eating disorders (also in the past and concerning firstlevel relatives), and addiction to psychoactive substances which was confirmed by physical examination and laboratory analyses following a detailed interview. Patients with other cooccurring psychiatric disorders were excluded from the group of patients with anorexia nervosa. The study was carried out in accordance with the Declaration of Helsinki and all who qualified for the analyses and their guardians had been informed about the course of the study and gave their consent in writing. The local Bioethics Committee gave its permission to conduct the research project (No. 329/15).
Biochemical and Statistical
Analyses. Samples of venous blood (about 5 mL) were collected in the morning (7:00-8:00) from every participant after overnight fasting and an all-night rest. Most of the biochemical analyses were conducted immediately after collecting blood samples; however parts of the samples, which were needed to determine peptides and proteins, among others, were appropriately separated, secured,, and frozen in -80 ∘ C temperature. Analysis of neuropeptide B (Human NP-B ELISA kit, catalogue No. 201-12-7304, Shanghai Sunred Bio (SRB) Technology Co., Ltd, Shanghai, China, assay range 5-1000 pg/mL), neuropeptide W (Human NP-W ELISA kit, catalogue No. 201-12-5617, Shanghai Sunred Bio (SRB) Technology Co., Ltd, Shanghai, China, assay range 2.5-720 pg/mL), and vaspin concentration (Human Vaspin ELISA Kit, catalogue No. E106, Mediagnost, Reutlingen, Germany, assay range 4-4000 pg/mL) in blood serum was carried out using immunoenzymatic tests following the guidelines of manufacturers and taking into account double-checking of samples. Relative cross-reactivity with related peptides (in equal concentration as in human serum) did not exceed 0.006%. More details about validation and quality control of used test sets, manufactured in the certified laboratories, are available at the websites of manufacturers [25] [26] [27] and also described in previous publications [18] and additionally validated in our laboratory [unpublished data]. Microtiter plates with fixed primary antibody (specific for the assayed molecules) were incubated with blood serum (containing the antigen, namely, the measured peptide/protein) and later with secondary antibody marked with peroxidase. At the end a reaction was caused with a substrate for chromogene and the absorbance was read on a MR-96 microplate reader manufactured by CLINDIAG SYSTEMS B.V.B.A. (Pollare, Belgium). Values of peptides/protein concentration were calculated on the basis of a calibration curve determined using a 4-parameter algorithm (SigmaPlot 11.00 software) prepared each time for a specific set of assays. Coefficients of Variation (CVs) were, respectively, intra-assay (CV intraassay) 3.5% for NPB and 6.1% interassay (CV interassay), whereas they were for NPW 4.3% and 6.2% and for vaspin 2.5% and 3.0%.
Total antioxidant status (TAS) in serum was assayed using a test by Randox Laboratories Ltd (Crumlin, Great Britain). Analysis of TAS level involved incubation of a patented molecule 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) with peroxidase (metmyoglobin) and hydrogen peroxide, which produced an ABTS+ radical action with characteristic colour detected at 600 nm wavelength [using MR-96 microplate reader by CLINDIAG SYSTEMS B.V.B.A. (Pollare, Belgium)]. Results of TAS level were presented as an equivalent of Trolox (mmol/L). Intra-assay CV for the assayed parameter was 4.0% and interassay CV was 5.9%.
The obtained results of biochemical and anthropometric analysis were subject to statistical analysis using STATISTICA 12.5 software with Medical Set (StatSoft Inc., USA), including, among other things, analyses for comparing medians for unrelated (Welch test and Mann-Whitney U test) data, correlation between the studied variables (Spearman's and Pearson's tests), area under curve calculations (AUC), and area under ROC (Receiver Operating Characteristic) curve. Results were presented as means ± standard deviations and medians (with upper and lower quartile). Normality of the distribution of data was checked using Shapiro-Wilk test. Homogeneity of variance was tested using Levene's test and the statistically significant level of error was established at p<0.05.
Results
Persons with extreme anorexia nervosa (AN) were characterized by lower (in comparison to CONTR group) values of body weight median (by 50%; p<0.000001) and lower anthropometric values, Body Mass Index (by 45%; p<0.000001, Table 1 ), despite similar age and height. In AN group there were higher median concentrations of NPB in blood (by 62%, p<0.05) and VAS (by 43%, p<0.05) as well as lower medians for TAS levels (by 18%, p<0.006) compared to the CONTR group (Figure 1 Figure 2 ) has shown adjusted serum NPB level (AUC=0.700) is the best predictive parameter among the analyzed ones for anorexia nervosa in its extreme stage, whereas adjusted serum VAS level (AUC=0.647) proved to be a slightly less sensitive and specific measurement. Low AUC values were obtained for adjusted serum TAS level (Table 2 ).
Discussion
The examined patients with anorexia were characterized by elevated concentration of NPB in blood serum after overnight fasting, low body weight, and other low anthropometric values: Body Mass Index, Body Mass Index z-score, and Body Mass Index-for-age percentile compared to their healthy peers. There is no data in the literature showing the concentrations of this neuropeptide in the blood serum of healthy human subjects as well as in patients diagnosed with anorexia nervosa. Therefore, the future investigation is required. Individual analyses carried out on rodents have shown the influence of NPB on eating habits in animals but the changes depended on dosage and sex of laboratory animals. Introduction of NPB in concentrations 3 nmol/L and 10 nmol/L to cerebral ventricles in large doses decreased food intake, whereas in low doses it increased food intake for the first 2 hours and then had a proanorexic effect [11, 28] .
Male NPB knockout mice were characterized by higher body weight (despite similar food intake and physical activity) compared to wild mice [NPB (+/+)] but such changes were absent when it comes to female population [12] . Adding NPB to a culture of isolated adipose cells increased lipolysis and reduced leptin secretion and expression in rat adipocytes [29] . Furthermore, adult male mice with a knockout gene for GPR7 receptor (the ligands for which are NPB and also NPW), namely, GPR7(-/-), were characterized by increased values of leptin, glucose, and insulin levels related to, among other things, hyperphagia and decreased physical activity. Such modifications are not observed in the case of female mice GPR7(-/-) [30] . There was no explanation for the sex dimorphism in terms of how NPB works in laboratory animals, as there is no explanation for greater prevalence of anorexia nervosa in human females compared to males. Disturbance in leptin levels indicates that fat tissue may play a role and as it is known that the female population (in both humans and mice) has more fat tissues than males (even in the prepubescent period) [31] .
The conducted studies show that there is a positive correlation between NPB and NPW concentration in all studied groups, whereas when it comes to the control population this relationship was more pronounced in case of female patients with anorexia nervosa. It was shown that the two neuropeptides exhibit sequence homology for amino acids at a high level (66%) in case of humans [11] but their expression and activity seem to be varied. Both neuropeptides are endogenic ligands, meaning they are orphan receptors coupled with G proteins, GPR7 and GPR8 (G-protein-coupled receptors) in humans; it was shown that NPB is more effective in blocking cAMP production with the help of GPR7 receptor rather than GPR8 receptor, whereas NPW was similarly effective for both [32, 33] . In the study conducted on a group of female patients with anorexia the values of NPW concentration were higher (statistically insignificant) than in the control group. It is worth mentioning that the studied patients were of different ages (12) (13) (14) (15) (16) (17) and had different anthropometric measurement results (BMI from 11 to 15 kg/m 2 ) and hence probably the diversity of neuropeptide concentrations and the presence of positive correlations between NPW and VAS. Studies carried out on rodents suggest that NPW affects eating habits mainly in the male population [13] but not female, although results of the studies on the subject are inconclusive [13, 34, 35] .
After introduction of NPW into cerebral ventricles using continuous infusion via an osmotic pump it was noted that in the case of animals the food intake decreased and weight gain slowed down, whereas the specific blocking of this neuropeptide (using anti-NPW IgG antibodies) reversed this effect [13] . There are also works that confirm changes in the NPW gene expression in the female population depending on the type of nutrient used. It was shown that intragastric administration of protein meal or glucose via a tube stimulated increase in mRNA expression for NPW in stomach muscles.
Such interrelation was not established in case of intervention that used fat and regardless of the nutrient administered to the stomach, the intervention had no influence on NPW concentration in blood [35] . A three-month diet based on high-fat additives in female mice did not change NPW gene expression in the stomach, compared to using regular mice food, which would lower significantly after a few hours of overnight fasting [34] . It is worth emphasizing that dietary restrictions that concern anorexic patients include protein products, high-carbohydrate products, and especially highfat products [8, 36] .
The conducted study shows that high VAS concentrations in the group of anorexic patients suggest the influence of this adipocytokine on body weight in this disease. The significance of vaspin levels in blood in the case of anorexia nervosa was also emphasized in the work of Oswiecimska et al. from 2016 in which concentration medians of these adipocytokines were, similarly to the presented research, higher for female teenagers with anorexia nervosa at different progression stages of the disease (BMI between 11.4 and 17.3 kg/m
2 ) in comparison to their peers who had a BMI level between 16.7 and 24.6 kg/m 2 [16] . Additionally, we noted a high concentration of vaspin in the saliva of female teenagers with anorexia nervosa when compared to a group of persons with normal weight [18] .
Studies on rodents have shown the many times stronger anorexigenic effect of vaspin in comparison to leptin, which consisted in limiting food intake and lowering of body weight after this adipocytokine, was administered to cerebral ventricles in daylight phase or intraperitoneally where it would remain up to 24 h after a single dose. The analyses have shown that the way this adipocytokine works is related to the Stat3 signal pathway [hypothalamic signal transductionactivated transcript (Stat3)] and results in increased intake of oxygen and increased expenditure of energy. Additionally, it was proven that vaspin's activity is significant as it acts as serine protease inhibitor because using vaspin with mutation in serpin domain partially neutralizes this effect [37] .
In physiological conditions vaspin is characterized by pulsatile secretion and its level is approximately twice as high among women compared to men [38] . Concentration of this adipocytokine in blood after overnight fasting is low, but 1-2 hours before expected meal it starts to rise [39] . There are no studies on possible disorders in vaspin secretion in anorexia nervosa during various times of the day or modifications correlated with food consumption. The presented study, as well as the few analyses available in the literature on the subject, involved overnight fasting [16] . Moreover, it cannot be ruled out that patients with anorexia nervosa may have vaspin resistance, a mechanism that is similar to ghrelin resistance, which was confirmed for this disease; increased levels of ghrelin in persons with anorexia are most probably a compensating defensive mechanism which, nevertheless, does not result in the expected increase of food intake [40] [41] [42] . In the light of the findings from in vitro and in vivo experiments it could be thus suggested that our results connected with concomitant changes vaspin levels in patients with small BMI parameters, albeit not direct, indicate rather the involvement of this protein in weight loss in this disorders (but and/or vice versa mechanisms are not excluded).
In comparison to the control group, antioxidant status in the examined patients with extreme anorexia nervosa is low and indicates predominance of prooxidative processes over antioxidative processes. Results of studies on this issue are inconclusive, although in majority of the cases they show similar correlations as described in this study. Meta-analysis carried out in 2015 showed that patients suffering from this disease have a high concentration of oxidative stress marker in blood, namely, apolipoprotein B, with comparable levels of antioxidative protein, albumin, in blood if compared to the results of persons with normal body weight. Some studies also reveal lower superoxide dismutase activity in blood and one analysis revealed increased catalase activity and high level of Thiobarbituric Acid Reactive Substances (which indicates elevated lipid peroxidation) as well as low concentrations of glutathione and free cysteine in blood [43] . Other studies have shown high production of reactive oxygen species in anorexia nervosa [44] .
Results of meta-analysis based on 6 studies carried out on female patients with AN show interrelation between antioxidant status and nutritional status. After 8 weeks of oral nutritional therapy concentration, levels of apolipoprotein B (one of the prooxidative parameters) decreased, whereas albumin concentration levels in blood increased (with confirmed antioxidative effect). One of the studies (included in the mentioned meta-analysis) also demonstrated that the increase of total antioxidants level after nutritional treatment, which was applied, could be linked to increased catalase activity [45, 46] . The analyses have shown that increased activity of this enzyme was noted in the case of patients with AN for whom recovery was rather fast (less than 3 months) versus those patients who required longer treatment [45] . The complexity of oxidative and reductive processes that take place before and during nutritional treatment in anorexia nervosa needs to be emphasized. With increased catalase activity another antioxidant enzyme proved to be less active, namely, superoxide dismutase, which may indicate that prooxidative processes are still very active and/or that defensive mechanisms of patients with anorexia are gradually weakening even after body weight was partially stabilized (average increase of BMI by 2 kg/m 2 ) [46] . The parameter that we applied in our studies, total antioxidant status, is a parameter that takes into account the dynamics of changes in antioxidant capacity of blood serum/plasma or other body fluids and also involves antioxidative enzymes, as well as low molecular enzymes; its assessment helps describe antioxidative characteristics of complex biological systems more effectively than a sum of concentrations/activity of all antioxidants measured individually [47] .
Adjusted serum neuropeptide B level according to Body Mass compared to parallel adjusted serum vaspin and TAS levels proved to be a significant predictor for extreme anorexia nervosa (according to ROC curves). Since most of the recognized diagnostic markers in medicine are characterized by AUC value according to ROC curve between 0.8 and 0.9 and with values that are 0.7 and above the predictors are deemed satisfactory, adjusted serum NPB level may be considered to be a good marker. Lower sensitivity and specificity were noted in the case of adjusted serum VAS level, whereas adjusted serum TAS level does not seem to be useful biomarker at this stage of the disease [48] . On the basis of analyses carried out with regard to anorexia nervosa and other disease units it may be assumed that vaspin and total antioxidant status parameters juxtaposed with Body Mass Index depend on a number of factors, including inflammatory condition, carbohydrate metabolism, or hormonal disorders; hence one should be cautious when interpreting them [16, [49] [50] [51] .
Method Limitations
When designing the study a minimum number of assays were determined (taking into account calculations from statistical software) on the basis of pilot studies results and with the assumption that the test's strength is 0.9 and type I error is 0.05 (parameters often used in medical studies). Having that in mind, the study involved 46 patients with extreme anorexia nervosa; nevertheless, it is worth considering expanding the analyses by including larger study cohorts to confirm research results, especially as there exists a significant variability of study results. This is no easy task in the case of patients with anorexia nervosa at the extreme stage of the disease, especially in the paediatric population (when the clinical condition often makes it impossible to even collect a blood sample). There were some limitations concerning anthropometric analyses in the case of adolescents. The latter involved taking body weight and height measurements to define anthropometric ratios (Body Mass Index z-score and Body Mass Index-for-age percentile), which is recommended to assess nutritional status but without the use of electrical bioimpedance, as it is not recommended to persons under 18 years of age [52] .
Conclusions
The heterogeneity of determinants in eating habits in AN indicates that the nature of the disturbance is a complex one. In detailed diagnostics of anorexia nervosa (especially in the cases of the extreme form of this disorder) it is worth considering testing neuropeptide B and vaspin levels in serum.
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